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0. FOREWORD 

0.1 This Indian Standard was adopted by the Indian Standards Institution 
on 19 February 1959, after the draft finalized by the Optical and 
Mathematical Instruments Sectional Committee had been approved by the 
Engineering Division Council. 

0.2 This is one of a series of Indian Standards relating to optical instruments 
being prepared by the Institution. A proposal for formulation of national 
standards for optical instruments was first received from the National Instru- 
ments Private Ltd, Calcutta in 1955. The Ministry of Commerce & 
Industry set up a Committee in 1956 and one of its terms of reference was 
to recommend to ISI a list of instruments for which Indian Standards 
need to be formulated on a priority basis. The Scientific Instruments 
Committee of the Planning Commission, which has recently submitted its 
report, has also stressed the need for the Institution intensifying its work 
of formulating national standards for different types of instruments. 

0.3 Optical components of a number of varieties are used on a large scale 
by the industry either as such or as parts of large systems. Their require- 
ments as regards quality of material, workmanship and finish, precision 
and stringency of performance characteristics, vary according to the nature 
and function of the component and its exact location in the system or in- 
strument. In view of these considerations ( although it would appear to 
be impracticable to lay down a common standard for all types of optical 
components ), it is still possible, firstly, to sort out the components according 
to the generic types, like prisms, lenses and mirrors, and to specify the more 
general requirements which each of these types should invariably satisfy 
irrespective of its function or location in a system or instrument. Further, 
such of the other parts of the system ( of which the optical component forms 
a part ), as are specific to the functional characteristics of the instrument 
or system, of which the optical component is an integral part, are not 
covered by the present standard but are only referred to in some cases. 
For these special requirements, reference should, therefore, be made to the 
relevant standards. 

0.3.1 As the general requirements dealt with in this standard are appli- 
cable to all types of optical components, irrespective of their location or 
functional aspect in a system or in an instrument, this standard will be 
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quoted as a basic standard of reference in all other specifications for optical 
systems or instruments as far as the common requirements, to which their 
components should be produced and supplied, are concerned. 

0.4 The Sectional Committee responsible for the preparation of this standard 
gave due consideration to the views of producers, consumers and technolo- 
gists and felt that it should be related to the trade and manufacturing 
practices prevailing not only in this country but also in other countries. 

0.4.1 The details of preferred radii of curvature for glass-working tools 
given in Appendix B are those recommended in a paper by T. Smith 
entitled * The Spacing of Glass- Working Tools ? included in National Physi- 
cal Laboratory ( UK ) Collected Researches, Vol. XVII ( 1922 ). 

0.5 This standard requires reference to the following Indian Standards: 
*IS : 170-1950 Specification for Acetone 
*IS ; 321-1952 Specification for Ethyl Alcohol ( Absolute Alcohol ) 

*IS : 1286-1958 Pictorial Markings for Handling Instructions for 

Non-dangerous Goods 

IS : 1399-1959 Glossary of Terms Used in Optical Technology 
IS : 1400-1960 Specification for Optical Glass 

0.5.1 Wherever a reference to any standard mentioned in 0.5 appears in 
this standard, it shall be taken as a reference to the latest version of the 
standard. 

0.6 In view of the Government of India's decision to introduce a uniform 
system of weights and measures throughout the country, based on the 
metric system, all measurements appearing in this standard are given in 
metric units. 

0.7 This standard is intended chiefly to cover the general technical provisions 
relating to optical components, and it does not include all the necessary 
provisions of a contract. 

0.7.1 It should also be emphasized that whilst compliance with the 
general requirements would go an appreciable way in detailing general 
requirements covering quality, this standard will need to be supplemented 
by specifications covering components or assemblies in which the compo- 
nents might be fitted. 



1. SCOPE 

1.1 This standard prescribes the general technical requirements and the 
methods of test for the following types of finished basic optical components 

# Since revised. 
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used in optical instruments or optical systems: 

a) Lenses 

b) Prisms 

c) Mirrors 

d) Graticules or diaphragms 

e) Plates, parallel and prismatic 

f) Optical filters 

1.1.1 For the special requirements governed by the individual assembly, 
location or function of the component in a particular system or instrument, 
reference should be made to the relevant specification for the instrument 
or system, as the case may be. ' 

2. TERMINOLOGY 

2,1 The general technical terms used in this standard have the same signi- 
ficance or definitions as given in IS : 1399-1959. 

3* MATERIALS 

3.1 Optical Glass — Optical glass conforming to IS : 1400-1960. 

3.1.1 For optical components with surfaces exposed to the atmosphere, 
the more stable types of optical glass shall be used. 

3.2 Optical Cement — In the case of cemented components, the optical 
cement used and the method of processing adopted during cementing 
shall be such as to ensure a perfectly adherent, continuous, thin, uniform 
jointing surface free from coi^ur or bubbles or other inclusions. It shall, 
further, continue to remain satisfactory and free from defects when subjected 
to the following temperature conditions; 

a) 60°C dry at one end and 0°C at the other end, and 

b) 55°C with 95 percent relative humidity at one end and 0°C at the 
other end. 

4. MANUFACTURE AND WORKMANSHIP 

4.1 Surface Finish — Polished surfaces, when inspected against an illumi- 
nated ground or opal glass surface, shall show no evidence of greyness 
or stain. They shall also be reasonably free from other surface defects like 
scratches and sleeks, and digs and pits. Further, when a well defined source 
of light is seen by oblique reflection at the polished surface, the surface 
shall exhibit the highest degree of polish possible in high grade optical 
pradtice, and provide a clearly defined undistorted image of the object. 
The nature of the surface finish shall be further tested, where specified, by 
means of suitable interference methods. 
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Note — The effect of a particular defect or defects on the surface of or within an 
element on the performance is a function of the position of the element in the optical 
system. For example, surface defects in elements or in components not near a focal 
plane are not as important as those which He in or near a focal plane. As a general 
guide, the order of importance may be roughly indicated as follows: 

a) Most critical surfaces 

1) The marked surface of a graticule 

2) Surfaces of collective lenses in a focal plane 

b) Less critical surfaces 

1) Surfaces of ocular field lenses nearest the graticule 

2) Collective lenses, or prism surfaces near a focal plane 

c) Least critical surfaces — All other surfaces of windows, objectives* prisms, erectors 
and eye lenses 

4.2 Centering, Edging and Chamfering 

4.2.1 The optical components shall be suitably edged and chamfered 
by grinding so as to remove sharp edges and to obviate their liability to 
chipping subsequently. 

4.2.2 In the case of lenses, cemented or otherwise, the edges shall be true 
to the diameter about the optical axis as a centre. Lenses consisting of 
two or more elements shall be cemented and centered in such a manner that 
the axes of all the elements are collinear. Ocular lenses shall be concentric 
to within 6 minutes of arc and all other lenses shall be concentric to within 
3 minutes of arc unless otherwise specified. After centering and cementing, 
no glass overhang shall be left. 

Note — Eccentricity of the component is the angular deviation, after refraction, of 
an incident ray which is coincident with the geometric axis of the lens. 

4.3 Edge Chips — Edge chips, with the exception of roof edges of prisms, 
which do not encroach on the free aperture, may be permitted as long as 
they are very small in size. Further, the surfaces of all chips, larger than 
0*5 mm in the maximum dimension shall be 'stoned' to roughen them and 
to lessen the possibility of annoying reflections and additional chipping. 

4.4 Padding — In the case of components assembled or mounted in their 
casings or cells, any kind of padding or packing under or around optical 
components shall not be used unless specifically permitted. If, however, the 
components are required to be sealed in their housings, the sealing material 
shall be such as will not deteriorate under tropical atmospheric conditions 
or be affected by lubricants, paints and varnishes normally used in optical 
instruments. 

4.5 Silvering 

4.5.1 In the case of silvered components like mirrors, prisms and plates, 
the silvering on glass surface may be done either by chemical deposition 
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of silver or by evaporation of aluminium under high vacuum and may 
provide either a completely reflecting surface or a semi-reflecting and semi- 
transmitting surface, as may be specified by the purchaser. The quality 
of the silvered surface may be tested for the following requirements: 

a) Reflection coefficient of the silvered surface for white light may 
be determined by photometric measurement at 45° ( ±2° ) angle 
of incidence. As an alternative or as a referee test, the value of 
the integrated luminous reflectance may be obtained from spectro- 
photometric data. This shall be not less than 88 percent. 

b) Reflection/transmission ratio may be determined for semi-silvered 
components by photometric measurement. 

4.5.2 The silvered surfaces shall be suitably protected against damage 
by abrasion during normal handling and against deterioration due to atmos- 
pheric conditions. The effectiveness of the protective coating on the 
silvered film shall be tested by subjecting it to accelerated damp heat con- 
ditions specified in 7.5. 

4.6 Blooming — Many optical components like lenses, prisms and windows 
are bloomed with a view to reducing the reflection losses at the air/glass 
interfaces of the components and thereby increasing the light transmission 
through the system. The durability of the anti-reflecting film deposited 
on the glass surface under high vacuum conditions may be tested by the 
method described in Appendix A. 

4.7 Dimensions — Overall dimensions of the component shall conform 
to the figures laid down in the relevant drawing and shall be within the 
tolerances specified, if supplied unassembled or unmounted, so as to facilitate 
proper assembly in its housing. Where no tolerances are mentioned, a 
tolerance of ±0*1 mm on the nominal dimensions shall be allowed. 

4.8 Workmanship — Workmanship shall be in accordance with the 
highest grade optical practice consistent with the intended use of the com- 
ponent in question. 

4.9 To facilitate inspection and acceptance, a drawing/diagram of the optical 
system of which the component forms a part shall ordinarily be provided. 

5. LENSES 

5.1 Lenses may be supplied as single lenses or as combinations thereof, 
cemented or separate and mounted or unmounted in their cells or housings 
as specified by the purchaser. One or both surfaces of a lens may be 
spherical, cylindrical, aspherical or plane. 

Note — Lenses with spherical surfaces ( one or both ) are the more common. As a 
step towards standardization, it is recommended that spherical surfaces of lenses may 
be designed and produced making use of tools with preferred radii of curvature given 
in Appendix B. 
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5.2 Focal Length 

5.2.1 The equivalent focal length of the lens or lens combination, as 
determined by the Nodal Point Method, the Newton's Method or the 
Magnification Method ( see Appendix C ), or by using a Standard Foco- 
meter Method, shall be within ±5 percent of the nominal value, unless 
otherwise specified. 

5.2.2 The back focal length of a positive lens or lens combination, as 
measured by the distance from the back surface of the lens to the image 
formed by the lens of a distant axial object, shall not vary by more than 
±5 percent of the nominal value, unless otherwise specified. 

5.3 Aperture — The relative aperture of the lens or lens combination 
shall be within ±5 percent of the nominal value, unless otherwise specified. 

5.4 Thickness — The centre thickness of a positive lens shall be not less 
than one-ninth and that of a negative lens not less than one-twelfth of the 
diameter of the lens. Further, the edge thickness of a positive lens shall 
be not less than one millimetre. 

5.5 Figure — The departure from spherecity or flatness of a lens surface 
shall be such as to give, unless otherwise specified, not more than one fringe 
for first grade work, two fringes for good quality and three fringes for average 
quality, for every 25 mm of diameter. The test shall be carried out with 
a test plate of near about the same size using sodium light. 

5.6 Definition — In the case of lenses, or combinations of lenses, which 
are independently corrected or are to be independently used, the image 
formed by the lens of a standard test object shall be such that there is no 
perceptible impairment of definitions up to two-thirds of the field at which 
the lens is to be used. 

5.7 Cylindrical Lens — In the case of a cylindrical lens: 

a) The radius of curvature of the cylindrical surface shall be within 
±5 percent of the nominal value, unless otherwise specified; 

b) The axis of the lens shall not differ from the specified direction 
by more than ±1°; and 

c ) Its power in a plane containing the axis of the generating cylinder 
shall not exceed ±0'25 dioptre. 

5.8 Microscope Objective — In the case of a microscope objective, the 
numerical aperture shall be not lower than the marked value by more than 
3 percent. All microscope objectives shall be corrected for a mechanical 
tube length of 170 mm and for a cover glass thickness of 0*18 mm when used. 

6. PRISMS 

6.0 A prism is used in an optical system or instrument to deviate the inci- 
dent beam to the desired convenient direction, or to invert or revert the 

8 
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image formed by the system, or to disperse an incident beam of hetero- 
chromatic light into its constituent wavelengths. 

6.1 Depending on their functional use, prisms shall be tested for the 
requirements given in 6.1.1 to 6.1.7. 

6.1.1 Prism Angle — When measured by a goniometer or spectrometer, 
the prism angles shall be correct to the specified values to within±3 minutes 
for 90° angles and to within ±5 minutes for other angles, unless otherwise 
specified. 

6.1.2 Deviation Angle — When measured by any of the methods indicated 
in 6.1.1, the deviation angle shall be correct to within ±5 minutes, unless 
otherwise specified. 

6.1.3 Pyramidal Error — Pyramidal error may be measured using a 
goniometer fitted with a graticule having both horizontal and vertical cali- 
brated scales. The prism under test should first be adjusted on the prism 
table such that the back reflected image of the horizontal line of the graticule 
from the two adjacent polished faces of the prism, coincides with the hori- 
zontal line on the graticule in each case. This may be achieved by mani- 
pulating the levelling screws of the prism table, but packing may become 
necessary in some cases. This adjustment is necessary to ensure that the edge 
between the two faces becomes perpendicular to the optical axis of the 
autocollimator telescope. Once this is done, the telescope should be directed 
towards the face opposite to the perpendicular edge. The displacement of 
the back reflected horizontal line image on the vertical scale gives the pyra- 
midal error. The mean of the error measured with respect to each edge 
and its opposite face should be taken to arrive at the final value, which shall 
not exceed ±3 minutes, unless otherwise specified. 

6.1.4 Roof Angle — A prism provided with a 90 6 -roof angle, when tested 
with a goniometer, shall not form a double image. 

6.1.5 Parallelism of Faces — In the case of a rhomboid prism, the parallel- 
ism of the faces, when tested with a goniometer, shall be correct to within 
±10 seconds, unless otherwise specified. 

6.1.6 Equivalent Optical Path — The equivalent optical path may be 
determined by direct measurement and shall be correct to within 
±5 percent, unless otherwise specified. 

6.1.7 Definition — The definition chart or board, when viewed through 
the prism under test, shall appear reasonably well defined. 

7. MIRRORS 

7.1 Surface Defects — Finished mirrors to be assembled in or near the 
focal plane of instruments require special care in processing. Surfaces of 
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such mirrors shall be visibly free from particles, pin holes or scratches. 
Such imperfections outside the free aperture of the mirror shall not, however, 
entail rejection. 

7.2 Adherence Test — Adhesivity of the silvered/aluminized film to the 
glass surface in the case of front silvered mirrors shall be tested as follows: 

The sticky surface of a cellulose adhesive tape shall be carefully 
placed in contact with a portion of the coated surface and pressed 
firmly against that surface pulling the edge of the tape down over the 
edge of the mirror to ensure proper adhesion. The tape shall then 
be slowly removed, when -the coating shall exhibit no signs of 
peeling off. 

7.3 Radios of Curvature — The radius of curvature of a spherical mirror 
shall be within ±5 percent, unless otherwise specified. 

7.4 Definition ( Plane Mirror ) — The finished mirror shall be tested 
for its definition by viewing the reflected image of a definition chart at the 
mirror surface. The image shall be well defined and free from distortion 
of any kind. 

7.5 Temperature Test — The mirror shall be placed in a thermostatically 
controlled humidity cabinet at a temperature of 55 ± 2°C and a relative 
humidity of at least 95 percent for a continuous period of 24 hours. It 
shall then be removed from the humidity cabinet, cleaned, dried and tested 
for any signs of visible deterioration of the silvered film and its protective 
coating as well as for good definition. 

7.6 Corrosion Test — The mirror shall be placed in a thermostatically 
controlled cabinet with a salt atmosphere for a continuous period of 
24 hours at a temperature of 35 ± 2°C The salt atmosphere shall be 
obtained by allowing a stream of air to bubble through a salt solution 
having the following composition: 

Sodium chloride 27 g 

Magnesium chloride, anhydrous 6*0 g 

Calcium chloride, anhydrous 1-0 g 

Potassium chloride 1*0 g 

Distilled water to make 1 000 ml 

Care shall be taken that no condensate falls on the mirror. After the ex- 
posure period, the mirror may be cieaned by using tap water and dried. 
It shall not exhibit any visible signs of deterioration at the reflecting surface 
or its protective coating. It shall show good definition when tested by the 
method specified in 7.4. 

7.7 Figure — In the case of spherical or paraboloid mirrors, required for 
astronomical work, the figuring over each zone of the mirror shall be tested 
by the Foucault's Knife Edge Method which is also applicable to large 
telescope objectives. 

10 
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7.8 Aluminized Mirrors ( Front Coated Mirrors ) — In the case of 
aluminized mirrors, further tests shall be applied in accordance with 7.8.1 
to 7.8.3. 

7.8.1 Hardness — There shall be no noticeable deterioration of any kind 
on the mirror surface, including irremovable streaks or hairline scratches, 
when the mirror is rubbed against its surface in any direction 50 times with 
a pad of clean dry laundered cheese-cloth one centimetre in diameter and 
1*25 cm in thickness and bearing with a load of 450 g. 

7.8.2 Cleanability 

7.8.2.1 Finished mirrors shall be capable of being cleaned by washing 
with laundered cheese-cloth saturated with soap and water, rinsed with 
tap water, and finally dried by vigorous rubbing by dry, clean linen or lens 
tissue. 

7.8.2.2 A thick paste of precipitated chalk and water shall be applied 
to the mirror, allowed to dry and then wiped off with a soft clean cloth. 
There shall be no noticeable deterioration of the finished mirror surface 
after this operation. 

7,83 Liability to Stain — A tiny drop of distilled water shall be permit- 
ted to dry at room temperature on the mirror surface. The surface shall 
then be cleaned with acetone ( see IS : 170-1950* ) or absolute alcohol ( see 
IS : 321-1952* ) and there shall be no stain left thereafter. 

8. GRATICULES 

8.0 Graticules used in optical instruments may be made either by mecha- 
nical ruling or by chemical etching after ruling on a resist; alternatively, 
they may be made by photographic methods, that is, by photo-printing or 
photo-etching or ma> be even produced by vacuum deposition over the 
pattern. 

8.1 Surface — The surfaces of the graticule ( blank ) shall be plane parallel 
to within 30 seconds of arc except where the graticule pattern is formed 
on a curved surface. 

8.1.1 The graticule pattern shall appear prominently against the back- 
ground. 

8.1.2 1'he edges of the lines of the pattern shall be sharp and well defined. 
The size of the breaks, if any, in lines of the pattern shall not exceed half 
the width of the corresponding line, and the number of such breaks shall 
not exceed three per graticule. 

8.1.3 The width of the lines of the graticule pattern shall be within 
±25 percent of the specified value, unless otherwise stated. 

'Since revised. 
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8.1.4 The spacings between the lines of the graticules shall be correct to 
±5 percent of the specified value, unless otherwise stated. 

8.2 Durability Test — Except where the surface containing the graticule 
pattern is cemented to another glass plate or surface, the graticule surface 
shall be capable of withstanding normal cleaning by absolute alcohol 
( conforming to IS : 321-1952* ) or Grade I methylated spirit and lens 
tissue of soft linen without the pattern being affected. 

9. PLATES ( PARALLEL AND PRISMATIC ) 

9.1 Parallelism ( or Prismatic Error ) — Lack of parallelism, if any, 
of the two faces of a parallel plate may be determined with an interferometer 
or by receiving the reflected images from the two faces of the plate and 
measuring the angular separation on the eyepiece scate of the autocollima- 
tor. The error, if present, shall not exceed ±30 seconds, unless otherwise 
stated. 

9.2 Lensatic Error — The plate shall be free from lensatic error exceeding 
±025 dioptre due to sphericity of the surfaces, determined as follows: 

Using a telescope and a collimator on the optical bench, initially 
adjust the telescope to receive the collimated beam such that the 
graticule of the collimator is perfectly in focus. Place the plate under 
test in front of the objective of the telescope. The collimator graticule 
should remain in perfect focus. In case it is not, due to lensatic error 
in the sample, the graticule should be brought back to focus with the 
help of dioptric lenses placed between the eye and the eyelens of the 
telescope eyepiece without disturbing the rest of the setting. The 
dioptre value of the neutralizing lens, but with the sign changed, 
represents the lensatic error of the plate under test. 

9.3 Prismatic Plates 

9.3.1 In the case of wedge-shaped or prismatic plates, the deviation angle 
shall be measured by any of the methods applicable to prisms and shall 
be within ±30 seconds of the nominal value, unless otherwise specified. 

9.3.2 They shall also be tested for lensatic error by the method applicable 
to parallel plates and shall be within the same degree of accuracy, unless 
otherwise specified. 

10. OPTICAL FILTERS 

10.0 Optical filters may be of a single coloured glass ( or plastic ) plate or 
a coloured gelatine film sandwiched between two transparent glass or plastic 
plates or formed by deposition on glass of a multilayer film of appropriate 
materials under high vacuum conditions. 

*Sit>ce revised. 
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10.1 Thickness — In the case of glass or gelatine based filters, the filter 
material shall be of highest quality and of uniform composition and the 
actual thickness of the filter material shall not vary by more than ±0*1 mm 
from the specified value. 

10.2 Parallelism — The departure from parallelism between the two 
surfaces of a glass or plastic filter or of the base of a gelatine filter shall not 
normally exceed one minute of arc, unless otherwise specified. 

10.3 In the case of all filters, the transmission coefficient of the filters, when 
measured by the spectro-photometric method shall be within ±5 percent 
of the specified value and the spectral distribution of the transmitted radiation 
through the filter shall reasonably correspond to the specified distribution 
curve with the maximum transmission lying within ±50 X of the stipulated 
wavelength. 

11. MARKING 

11.1 The magnification and the numerical aperture of a microscope objec- 
tive shall be indelibly marked on the lens mount. 

11.2 In the case of a camera lens, the focal length in millimetres and the 
F number shall be marked on the lens mount. 

Note — For more specific requirements and tests applicable to special types of 
lenses like Telescope Objectives, Microscope Objectives, Camera Lenses and Projection 
Lenses, reference should be made to the appropriate specifications. 

11.3 Where possible, the ground edge or surface or the painted surface of 
the optical component shall be indelibly marked with the manufacturer's 
initial and identification number together with the year of manufacture, 
where so desired by the purchaser; otherwise the markings may be indicated 
on the outside of the packing. In no case, shall the markings be given on 
the active surface of the component. 

12. PACKING AND PACKAGING 

12.1 Optical components shall be so securely packed for storage and transit 
that there is no liability, whatsoever, for any deterioration or damage taking 
place. 

12.1.1 The components in their clean condition, free from dirt, grit or 
other extraneous material, shall be initially wrapped in acid free tissue paper 
and put individually or in small batches in suitable compartments of a thick 
cardboard carton and further packed inside the carton with paper wool, 
cotton waste or cotton and corrugated cardboard together with a small 
linen bag containing reconditioned silica gel. 

12.1.2 Optical components, with or without the tissue paper covering, 
may also be sealed in suitable polythene bags before packing in the 

13 
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cardboard cartons. Cardboard cartons so packed shall be further wrapped 
in kraft paper, laminated metal foil or other suitable moisture-resistant 
covering which shall be subsequently sealed by wax dipping or heat sealing, 
as the case may be. 

12,1.3 The requisite number of cardboard cartons so packed shall be 
placed in a wooden case lined with waterproof paper with plenty of 
cushioning material all round and securely packed for transit. 

12.2 The package shall, on top, give the description and number of contents 
inside and shall be marked with the standard symbol for fragility 
( see IS : 1286 - 1958* ) together with the legend ' Handle with Care ' in red 
and also the symbol for < Right Way Up ' ( see IS : 1286 - 1958* ). 



APPENDIX A 

( Clause 4.6 ) 

TEST FOR THE HARDNESS OF BLOOMING ON THE SURFACES 
OF OPTICAL COMPONENTS 

A-l. The ability of bloomed film ( anti-reflecting films on glass surfaces ) to 
resist surface scratching as well as its adherence to theg' ^basemay be tested 
with the help of the machine illustrated in Fig. 1. The principle made use 
of in the machine is to effect relative motion between the bloomed surface 
and an abrader which is a typewriter eraser of the best quality. The 
touching surface of the abrader is suitably radiused to provide a very small 
area of contact. The test specimen is a sample plate of glass 5 x 5 cm surface 
area and 2 to 4 mm thick, which is bloomed at the same time as the optical 
component under test. The test specimen is given a reciprocating motion 
on the machine with the abrader or stylus in contact under a fixed load of 5 
say, 200 g. The surface is visually examined after a given number of strokes, 
say, 25. 

A-2. The following chart gives the grading of the film with respect to its 
surface quality for a load of 200 g and 25 to and fro strokes: 



Grade 



Surface Quality 
Unaffected 


1 

2 
3 
4 


Slightly scratched 
Moderately scratched 
Heavily scratched 
Clear streaks 


5 


Film completely removed 


*Since revised. 
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APPENDIX B 

( Clauses 0.4.1 and 5.1 ) 

PREFERRED RADII OF CURVATURE OF 
GLASS-WORKING TOOLS 

B-l. Preferred radii of curvature in millimetres of glass-working tools for 
spherical surfaces as recommended for adoption in optical design and indus- 
try are given in Table I. 

B-l.l In Table I the leading digits of the serial number n of the tool are 
placed in the first column, and subsequent digits at the heads of the remain- 
ing columns, the quantity given by the table for any particular value of 
n occurring where the row containing the leading digits crosses the column 
with the concluding figures. Thus from the table, the radius corresponding 
to« = 243 is 46*96 mm. 

APPENDIX C 

( Clause 5.2.1 ) 

METHODS FOR THE DETERMINATION OF THE EQUIVALENT 
FOCAL LENGTH OF A LENS OR LENS COMBINATION 

C-l. NODAL POINT METHOD 

C-l.l The lens or lens combination is mounted on the optical bench on 
a support that can rotate about a vertical axis that passes through the axis 
of the lens at right angles. The image of a distant object or of the illuminated 
graticule of a collimator, also mounted on the optical bench, is formed by 
the lens on a ground glass screen or is viewed by means of a microscope 
mounted on the bench on the other side of the lens under test. The positions 
of the lens and the screen (or microscope) are adjusted in such a manner 
that, when the lens is slightly rotated in its support, either way, about the 
vertical axis, there is no shift, in the image observed. In this position, the 
vertical axis of rotation of the lens ( or lens combination ) intersects 
the axis of the lens at its back nodal point, and the distance between this 
point and the position of the image gives the equivalent focal length of the 
lens ( or lens combination ). 

C-2. NEWTON'S METHOD 

C-2.1 According to Newton's formula, the product of the distance of an 
object from the first focal point of a lens or lens system and the distance of 
the image from its second focal point is equal to the square of the ( equi- 
valent ) focal length of the lens ( see Fig. 2 ). To make use of this relation- 
ship to determine the focal length, mount the lens ( or lens combination ) 
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TABLE I PREFERRED RADII OF CURVATURE OF GLASS-WORKING TOOLS 

(ClausesB-\ and B-l.l ) 






oc \ 


21600 


10 800 


7 160 


5 350 


4 270 


3 550 


3 030 


2 460 


2340 




1 


2099 


1902 


1738 


1599 


1480 


1377 


1287 


1207 


1 136 


1073 




2 


1016 


965 


918 


875 


836 


800 


767 


736 


708 


681 




3 


656*6 


633-5 


611*8 


591-5 


572-3 


554*3 


537-3 


521-2 


505-9 


491-5 




4 


477*8 


464-7 


452*3 


440-5 


4292 


418-4 


408*1 


398*3 


388-9 


379*8 




5 


37M 


362*8 


354*8 


347*1 


339-7 


332*6 


325'7 


319-1 


312-7 


306*5 




6 


300-5 


294*8 


289-2 


283*8 


278-6 


273*6 


268*6 


263*9 


259*3 


254-8 




7 


250'5 


246*3 


242*1 


238*2 


234*3 


2306 


226*9 


223-4 


219*9 


216-5 




8 


213*2 


2100 


206-9 


203-9 


200-9 


1980 


195-2 


192*4 


189-7 


187-1 




9 


184-5 


1820 


179-5 


177*1 


174*8 


172*5 


170*2 


168*0 


165-9 


163*8 




10 


161-72 


159*70 


157*72 


155*78 


153*88 


152*02 


15019 


148-40 


146-65 


144*92 




11 


143-24 


141-58 


139-95 


138*36 


136-79 


135-25 


133-74 


132-26 


130-81 


129*38 




12 


127*97 


126*59 


125-23 


123-90 


122-59 


121*30 


120*03 


118*79 


117*56 


116*36 




13 


115-17 


11401 


112-86 


111*73 


11062 


109*52 


108-45 


107*39 


106*34 


105-31 




14 


104-30 


103*30 


102-32 


101*35 


100-40 


99*46 


98*54 


97-62 


96*73 


95-84 




15 


94-97 


9410 


93*26 


92*42 


91*59 


90-78 


89-98 


89-18 


88-40 


87*63 




16 


86-87 


8612 


85-38 


84-65 


83-93 


83*22 


82-52 


81*83 


81*14 


80*47 




17 


79*80 


79-14 


78-49 


77-85 


77*21 


76-59 


75*97 


75-36 


74-76 


74*16 




18 


73*57 


72*99 


72*41 


71-84 


71-28 


70-73 


7018 


69-64 


6910 


68-57 




19 


68*05 


67-53 


67*02 


66*51 


6601 


65*52 


6503 


64-55 


64*07 


63-59 




20 


6313 


6266 


62-21 


61-75 


61*30. 


60-86 


60*42 


59-99 


59-56 


5913 




21 


58*71 


5830 


57*89 


57*48 


57-08 


56-68 


56-28 


55-89 


55*50 


5512 




22 


54-74 


54-37 


5399 


53*63 


5326 


52-90 


52-54 


5219 


51-84 


51-49 




23 


51-15 


50*81 


50-47 


5014 


4980 


4948 


49*15 


48*83 


48*51 


48-20 




24 


4788 


47-57 


47-27 


46-96 


46-66 


46*36 


46-07 


45*77 


45*48 


45-19 


58 


25 


44*91 


44-63 


44-35 


44'07 


43-79 


43'52 


43*25 


42*98 


42*71 


42-45 


26 


42-19 


41*93 


41-67 


41*42 


41-16 


40-91 


40*67 


40-42 


40-18 


39*93 


i 


27 


39*69 


39-45 


3922 


38*98 


38-75 


38*52 


38-29 


3807 


37-84 


37*62 


28 


37*40 


3718 


36-96 


36-74 


36-53 


3632 


36-11 


35-90 


35-69 


35-48 


29 


35*28 


3508 


34*88 


34-68 


34-48 


34-28 


34*09 


33-89 


33-70 


33-51 
( Continued ) 
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TABLE I PREFERRED RADII OF CURVATURE OF GLASS-WORKING TOOLS — Contd 



W> 



30 


33*321 


33*134 


32-947 


32-762 


32*579 


32-397 


32*216 


32037 


31-858 


31*682 


31 


31*506 


31-332 


31159 


30*987 


30-817 


30648 


30-480 


30*313 


30147 


29*983 


32 


29*820 


29-658 


29*497 


29*337 


29-179 


29021 


28*865 


28*710 


28*555 


28*402 


33 


28*250 


28099 


27*949 


27-800 


27*652 


27-506 


27*360 


27-215 


27-071 


26-928 


34 


26-786 


26-645 


26*505 


26*366 


26228 


26091 


25955 


25*819 


25-685 


25*501 


35 


25-418 


25-286 


25155 


25025 


24-896 


24-768 


24-640 


24-513 


24-387 


24*262 


36 


24*138 


24-014 


23-892 


23-770 


23-649 


23*528 


23*409 


23-290 


23-172 


23054 


37 


22938 


22*822 


22-707 


22-592 


22-478 


22*365 


22-253 


22-142 


22-031 


21*920 


38 


21811 


21*702 


21-594 


21*486 


21-379 


21*273 


21-167 


21-062 


20-958 


20*854 


39 


20-751 


20*649 


20*547 


20445 


20-345 


20-245 


20*145 


20046 


19*948 


19*850 


40 


197-53 


19-657 


19561 


19*465 


19-370 


19*276 


19182 


19*089 


18*996 


18-904 


41 


18-812 


18*721 


18*631 


18-540 


18451 


18-362 


18-273 


18185 


18*098 


18011 


42 


17*924 


17-838 


17*752 


17-667 


17*583 


17-498 


17*451 


17-331 


17-249 


17166 


43 


17-084 


17*003 


16-922 


16-842 


16-761 


16*682 


16-603 


16-524 


16*445 


16-368 


44 


16-290 


16-213 


16136 


16060 


15-984 


15*909 


15*834 


15-759 


15*685 


15-611 


45 


15-537 


15464 


15-392 


15-319 


15-247 


15-176 


15105 


15034 


14-964 


14-893 


46 


14-824 


14754 


14-685 


14*617 


14-549 


14-481 


14-413 


14*346 


14*279 


14*212 


47 


14-146 


14080 


14-015 


13*950 


13*885 


13820 


13-756 


13-692 


13-629 


13-565 


48 


13-503 


13440 


13-378 


13316 


13-254 


13193 


13132 


13*071 


13*010 


12*950 


49 


12*890 


12*831 


12-772 


12-713 


12654 


12-595 


12537 


12*479 


12*422 


12*365 


W 


12-308 


12-251 


12194 


12 138 


12082 


12027 


11-971 


11-916 


11-861 


11-807 


51 


11*752 


11-698 


11*644 


11-591 


11-538 


11-485 


11-432 


11-379 


11-327 


11-275 


52 


11*223 


11171 


11120 


11-069 


11018 


10*967 


10-917 


10867 


10*817 


10*767 


53 


10-718 


10669 


10-620 


10571 


10*522 


10*474 


10*426 


10-378 


10*330 


10-283 


54 


10235 


10*188 


10141 


10095 


10-048 


10002 


9-956 


9-910 


9-865 


9-819 


55 


9-774 


9729 


9*685 


9640 


9-596 


9 551 


9'507 


9*464 


9-420 


9-377 


56 


9*333 


9290 


9*247 


9*205 


9162 


9*120 


9078 


9036 


8994 


8*953 


57 


8*911 


8870 


8*829 


8*788 


8-748 


8*707 


8-667 


8*627 


8*587 


8-547 


58 


8*507 


8-468 


8-428 


8*389 


8*350 


8-312 


8*273 


8*234 


8*196 


8-158 


59 


8120 


8082 


8*045 


8-007 


7-970 


7-932 


7*895 


7-858 


7*822 


7*785 
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60 


7-749 


7*712 


7*676 


7-640 


7-604 


7*569 


7*533 


7*498 


7*463 


7-427 


61 


7-392 


7*358 


7-323 


7*288 


7*254 


7*220 


7186 


7-152 


7-118 


7*084 


62 


7050 


7 017 


6*984 


6-950 


6-917 


6*885 


6*852 


6-819 


6-787 


6-754 


63 


6'722 


6*690 


6-658 


6-626 


6-594 


6*563 


6-531 


6*500 


6-468 


6*437 


64 


6*406 


6*375 


6-345 


6-314 


6-283 


6-253 


6*223 


6192 


6-162 


6132 


65 


6-103 


6073 


6043 


6014 


5*984 


5-955 


5-926 


5*897 


5-868 


5-839 


66 


5811 


5-782 


5*753 


5*725 


5*697 


5-669 


5-641 


5*613 


5-585 


5*557 


67 


5*529 


5*502 


5-474 


5*447 


5*420 


5-393 


5*366 


5*339 


5*312 


5*285 


68 


5259 


5*232 


5-206 


5*179 


5*153 


5-127 


5-101 


5*075 


5049 


5024 


69 


4'998 


4-972 


4*947 


4-922 


4*896 


4-871 


4*846 


4-821 


4-796 


4*771 
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4504 
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4044 


3-826 


3-616 
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0163 
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1*854 


1-707 


1-564 


1-425 


1-291 
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Fig. 2 Illustration of Newton's Method 
( for determining the focal length of a lens or Jens combination ) 



L on an optical bench at some distance from an illuminated object O (cross 
line diaphragm ). Temporarily introduce a short focus positive lens C 
between the object and the lens to get a collimated beam and obtain the 
position of the second focal point F* of the lens by focusing the image of 
the object on a ground glass screen. Similarly, by reversing the lens in its 
position, determine the position of the first focal point F. Having thus 
determined the positions ( or distances ) ofFandF' with respect to the 
nearesu surface of the lens, remove the auxiliary lens C and focus the image of 
O Ota the screen S. The square root of the product of the two distances, OF 
and F'S gives the equivalent focal length of the lens or lens combination. 

C-3. MAGNIFICATION METHOD 

C-3.1 For a fixed position of the lens, the size and location of the image of 
an illuminated circular aperture or millimetre scale on glass are obtained 
for two positions of the object. If d is the size of the object and D t and 
D 2 are the sizes of the image, as measured by a micrometer eyepiece, corres- 
ponding to the distances V x and K 2 of the image from the lens, the equiva- 
lent focal length ( /) of the lens ( or lens system ) is given by the formula: 



f 



(V,-Vi).d 
D % -D t 
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